Effects of monensin on the synthesis, transport, and intracellular degradation of proteoglycans in rat ovarian granulosa cells in culture.
Rat ovarian granulosa cells, isolated from immature female rats 48 h after stimulation with 5 IU of pregnant mare's serum gonadotropin, were maintained in culture. The effects of monensin, a monovalent cationic ionophore, on various aspects of proteoglycan metabolism were studied by metabolically labeling cultures with [35S]sulfate, [3H]glucosamine, or [3H]glucose. Monensin inhibited post-translational modification of both heparan sulfate (HS) proteoglycans and dermatan sulfate (DS) proteoglycans, resulting in decreased synthesis of completed proteoglycans [( 35S]sulfate incorporation decreased to 10% of control by 30 microM monensin, with an ED50 approximately 1 microM). Proteoglycans synthesized in the presence of monensin showed undersulfation of both DS and HS glycosaminoglycans and altered N-linked and O-linked oligosaccharides, suggesting that the processing of all sugar moieties is closely associated. Monensin caused a decrease in the endogenous sugar supply to the UDP-N-acetylhexosamine pool as indicated by an increased 3H incorporation into DS chains [( 3H]glucosamine as precursor) in spite of the decrease in glycosaminoglycan synthesis. Monensin reduced and delayed transport of both secretory and membrane-associated proteoglycans from the Golgi complex to the cell surface. It took 2-4 min for newly labeled proteoglycans to reach the main transport process inhibited by monensin. Monensin at 30 microM did not prevent internalization of cell surface 35S-labeled proteoglycans but almost completely inhibited their intracellular degradation to free [35S]sulfate (ED50 approximately 1 microM), resulting in intracellular accumulation of both DS and HS proteoglycans. Pulse-chase experiments demonstrated that one of the intracellular degradation pathways involving proteolysis of both DS and HS proteoglycans and limited endoglycosidic cleavage of HS continued to operate in the presence of monensin. These results suggest that the intracellular degradation of proteoglycans involve both acidic and nonacidic compartments with monensin inhibiting those processes that normally occur in such acidic compartments as endosomes or lysosomes by raising their pH.